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INTRAOPERATIVE IDENTIFICATION OF SPINAL CORD BLOOD SUPPLY DURING REPAIRS OF 
DESCENDING AORTA AND THORACOABDOMINAL AORTA 
Lars G. Svensson, MD, PhD Objective: The aim was to intraoperatively identify the spinal cord blood 
supply and shorten the aortic crossclamp time. Methods: A platinum 
electrode was placed intrathecally by lumbar puncture alongside the spinal 
cord. After the aorta was crossclamped, hydrogen in a saline solution was 
injected into the aorta and, if it was shown that the segment supplied the 
spinal cord and there were multiple arteries, then these were individually 
injected. The repair was performed by a sequential segmental method as 
described previously. Results: Postoperatively, highly selective angiography 
was used to confirm that reattached intercostal arteries supplied the spinal 
cord. The technique was accurrate in all patients. Five spinal cord 
perfusion patterns were noted: (1) direct, (2) collateral, (3) no direct supply 
from segment tested, (4) from atriofemoral bypass, and (5) occluded 
reattached intercostals. When no response was obtained or no further 
testing was required (n = 8), testing time was 4.2 minutes and crossclamp 
time 41.9 minutes. When multiple segmental arteries required further 
testing, the mean testing time was 10.4 minutes and crossclamp time 58.5 
minutes, including reattachment of intercostal vessels (p = not significant). 
Conclusion: Preliminary findings indicate that this method is a safe 
research technique, can detect radicular arteries, and may reduce the time 
for aortic crossclamping if no vessels are identified as supplying the spinal 
cord. (J Thorac Cardiovasc Surg 1996;112:1455-61) 
R epairs of the descending thoracic aorta and Xhoracoabdominal aorta have become much 
safer over time with a concomitant reduction in the 
mortality rate. TM Paralysis of the legs has become 
less of a problem, although paralysis does still 
develop in some patients, particularly if the aortic 
crossclamp time is too long or if distal perfusion 
techniques are not used and segmental intercostal 
or lumbar arteries are not, or cannot, be reattached 
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at the time of the operation. Opinions differ on how 
best to manage intercostal and lumbar arteries at 
the time of aortic repairs. TM The concern is that if 
intercostal and lumbar arteries are reattached to the 
new tube graft, the duration of aortic crossclamping 
will be lengthened; because aortic crossclamping is 
the most significant predictor of the risk of paraple- 
gia or paraparesis, the time required to reattach 
intercostal vessels may increase the risk of paralysis. 
Different approaches have been advocated to deal 
with this problem: reattachment of none of the 
intercostal or lumbar arteries, to shorten the period 
of aortic crossclampingl4; reattachment of the ves- 
sels most likely to supply the artery of Adamkiewicz 
on the basis of anatomic studies, which my col- 
leagues and I 3' 4, 6, s have advocated by reattaching 
the intercostals from T-7 down to and including L-l; 
or the reattachment of all intercostal arteries in the 
segment of the aorta that is being replaced, w Pre- 
operative highly selective angiography has been 
used to identify those vessels that supply the spinal 
cord, but because this method may require a general 
anesthetic and has resulted in paralysis of the legs in 
some patients, it is infrequently used. al' is Further- 
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more, intraoperatively reconciling the preoperative 
radiographs with the exact vertebral level of the radic- 
ular artery that supplies the spinal cord can be difficult. 
In a prospective study of patients undergoing opera- 
tions for type I and type II high-risk thoracoabdominal 
aneurysms, my colleagues and I s have shown that 
patients who did not have intercostal vessels reat- 
tached in the segment between T-10 and including L-1 
were at a significantly increased risk of postoperative 
neurologic deficits if these vessels were not reattached 
at the time of the operation. This clearly indicated that 
reattachment of patent intercostals i  important in 
preventing paralysis. Reattaching all the patent inter- 
costal vessels, however, would increase the length of 
time required to perform the operative procedure. 
We, therefore, concluded that if a method could be 
found for quickly identifying the vessels upplying the 
spinal cord, then vessels not supplying the spinal cord 
could be quickly oversewn, thus potentially shortening 
the length of aortic crossclamping, and those shown to 
supply the spinal cord could be reattached. 
In porcine animal experiments, we 16' 17 developed 
a technique in which a catheter with a platinum 
electrode was placed alongside the spinal cord 
through a laminectomy. Using the polygraphic 
method, we injected hydrogen in solution into the 
aorta, and thus hydrogen reaching the spinal cord 
was detected by the platinum electrode by produc- 
ing a current indicating that the intercostal or 
lumbar artery that had been injected supplied the 
sp ina l  cord with blood. The preliminary study 
showed that this was an accurate method of identi- 
fying the vessels supplying the spinal cord in the 
porcine model based on autopsies performed after 
the experiments.16 In a subsequent porcine study, 
we 17 showed that by identifying the vessel supplying 
the spinal cord and preserving those supplying the 
spinal cord, but dividing all the other vessels, we 
could enable animals to recover from the aortic 
crossclamping without the development of deficits. 
By contrast, when the vessels identified as supplying 
the spinal cord were divided, significantly larger 
numbers of animals became paralyzed. On the basis 
of these findings, we 17 considered that this might be 
a useful technique in human beings. In this study, a 
series of 14 patients is reported who underwent the 
procedure, and the results of using this method of 
identifying the spinal cord blood supply are detailed. 
Methods 
Institutional review board approval was obtained from 
Baylor College of Medicine, the Methodist Hospital, and 
Veterans Administration Medical Center in Houston, 
Texas, and the Lahey-Hitchcock Clinic, Burlington, Mas- 
sachusetts, for conducting the study. Before the operation, 
selected patients who were candidates for descending or 
thoracoabdominal aneurysm repairs were approached and 
the procedure was fully discussed. Those patients who 
consented to the procedure were then entered into the 
study. 
After a local anesthetic had been given, a lumbar 
puncture needle was used to place the previously pre- 
pared catheter with the platinum electrode intrathecally.17 
The platinum wire was then connected for the polygraphic 
technique as described previously. 
Once the operative field had been prepared and an 
atriofemoral bypass pump had been inserted as needed, 
the aorta was crossclamped to exclude the segment that 
was to be repaired. In addition, if an extensive segment of 
the aorta was to be replaced, then multiple clamps were 
placed on the aneurysm so that individual segments could 
be tested. If there was no response from any of these 
segments, no further testing was performed other than 
injecting hydrogen also through the atriofemoral bypass 
machine as it was restarted. In accordance with our 
approach of doing sequential segmental repairs, the distal 
clamps were then removed so that only the proximal one 
third to one quarter of the descending thoracic aorta was 
clamped, with the rest of the distal aorta being perfused by 
atriofemoral bypass. The aorta was then transected imme- 
diately beyond the left subclavian artery and the proximal 
anastomosis was performed. If no vessels had been shown 
to perfuse the spinal cord, the remaining aorta was then 
crossclamped, the intercostal or lumbar arteries were 
oversewn, and the graft was sewn in position. When, 
however, one of the segments was shown to perfuse the 
spinal cord, then the segment was carefully examined. If
more than two pairs of intercostals were patent, then the 
individual intercostals were injected with hydrogen to try 
to identify which vessels upplied the spinal cord. Those 
vessels that were identified as supplying the spinal cord 
were reattached tothe new graft. Before the final clamps 
were removed to perform the distal aortic anastomoses, 
patches of reattached intercostal vessels were again tested 
with hydrogen to ensure that the patches had been 
successfully reattached and hydrogen was reaching the 
spinal cord. 
After the operation, the patients were checked aily for 
lower limb function by asking them to raise a straight leg, 
and the motor responses were then graded according to 
the grading system we 3-6' a previously described: no move- 
ment of the lower limbs, grade 0; a flick of movement, 
grade 1; ability to bend the knee but not lift the leg, 2; 
inability to straight-leg raise, with weakness, grade 3; and 
normal leg function with straight-leg raising, grade 4. 
Once the patients had recovered from the operation and 
were approaching time of discharge, those who had 
successful reattachment of intercostal patches underwent 
highly selective angiography with injection of the intercos- 
tal vessels that had been reattached to show if these 
intercostals supplied the radicular arteries to the spinal 
cord. Thus we would be able to ascertain the true positive 
results. False negative results clearly cannot be deter- 
mined because this would require an autopsy. The length 
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of time required for testing and the aortic rossclamp time 
for the patients who had no response and those who had 
a response to the hydrogen that required further testing 
were compared by the Student's t test. 
Five patients had descending aortic repairs, three had 
type I thoracoabdominal aneurysm repairs, and six had 
type II repairs. There were eleven male patients and three 
female patients, and the average age was 62.4 years. Seven 
patients had preoperative aortic dissection. Atriofemoral 
bypass was used in eight patients, one of whom was 
converted to full cardiopulmonary bypass, and one other 
patient had cardiopulmonary bypass from the start of the 
procedure. Both patients who had cardiopulmonary b - 
pass also underwent circulatory arrest for distal aortic 
arch repairs. 
Results 
The average aortic crossclamp time was 46.6 
minutes (range 20 to 85 minutes), and average time 
for testing was 4.46 minutes (range 0 to 15 minutes). 
The average time for testing in the patients (n = 7) 
who had no response to injection was 4.5 minutes. 
With the addition of the one patient who had a 
response to hydrogen being injected into the atrio- 
femoral bypass circuit without any response in the 
excluded segment of aorta, the average time was 4.2 
minutes. In the latter patient, because the blood 
vessel supplying the spinal cord was clearly below 
the segment of occluded aorta, none of the intercos- 
tals in the aortic segment needed to be replaced. In 
the patients with no response, the average cross- 
clamp time was 43.3 minutes, and including the 
patient who required no further testing, the average 
crossclamp time was 41.9 minutes. In those patients 
(n = 4, Table I) who had a positive response to 
hydrogen in the segments that were occluded and 
who required further injection of intercostal arter- 
ies, the average time for testing was 10.4 minutes 
(p = 0.12), with an average crossclamp time of 58.5 
minutes (p = 0.09). The reason for the longer 
testing and crossclamp times in the latter was that in 
some patients, multiple intercostal vessels in the 
segments had to be tested to identify which vessels 
supplied the spinal cord and this resulted in a longer 
crossclamp time. Furthermore, these vessels then 
had to be reattached to the new aortic graft. 
In one patient, the preoperative x-ray films 
showed that the platinum wire within the catheter to 
the electrode had broken; therefore, the testing 
would not work. In one other patient, the aneurysm 
ruptured when the aorta was mobilized and the 
segments thus could not be excluded for testing. In 
five patients, patches of the aorta with intercostal 
vessels were reattached to the new graft. In one 
Table I. Hydrogen responses and segmental rtery 
spinal cord blood supply 
No. Intraop. Aortogram 
1 T-10 Right T-10 ARM 
2 T-11 T-11 collaterals* 
3 T-8, T-9, T-10 Clotted 
4 Below T-8 Left T-9 ARM and T-10 
5 T-9, T-10 D ied  
T, Thoracic vertebral level; ARM,, arterial radicularis magna; AFB,atrio- 
femoral bypass. 
*Transient paraparesis. 
other patient, the graft was beveled so that the 
vessels identified as supplying the spinal cord would 
be preserved without the vessels needing to be 
reattached separately. Patients who did not have 
vessels reattached were not studied with highly 
selective angiography in the postoperative period, 
because the segmental arteries had been oversewn 
and excluded from the aortic bloodstream. In one 
patient, postoperative angiography revealed that the 
reattached intercostals of the patch had all clotted 
off at some time after the operation. In one patient 
in whom a patch had been reattached because of 
concern that the intercostals were large and could 
potentially supply the spinal cord, although there 
had been no good response to hydrogen testing, 
postoperative highly selective angiography revealed 
there were no intercostals supplying the spinal cord 
radicular arteries, confirming that the hydrogen 
testing had been accurate. 
From the hydrogen injection studies and the 
postoperative highly selective angiography, five spi- 
nal cord perfusion patterns were noted: 
1. The spinal cord was directly supplied by intercos- 
tal vessels via the radicular rteries. 
2. Intercostal arteries had been reattached that via 
collaterals upplied intercostal arteries at higher 
or lower levels. These latter intercostals were 
occluded at the ostia from the aorta by atheroma, 
and these occluded intercostals had originally 
given rise to the radicular arteries upplying the 
spinal cord. 
3. There was no direct blood supply to the spinal 
cord from the intercostals tested in the segment 
that was occluded. 
4. The blood supply to the spinal cord arose from 
the lumbar or lower thoracic intercostal arteries 
that arose below the level of the occluded seg- 
ment of the aorta, as detected by the injection of 
hydrogen into the atriofemoral bypass circuit. 
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Table II. Neurologic outcome according to testing 
Test 
Positive Negative NoneS: 
Paraparesis 1/4" 2/8? 0/2 
Neurologic score on discharge 4 1; 4 - -  
Negative test results include one patient in whom blood supply to the 
spinal cord was below the level that needed to be repaired. 
*Transient paraparesis probably caused by blood supply via collaterals. 
tone transient paraparesis probably from ruptured aorta and hypotension; 
one permanent paraparesis from 15 minutes of cardiopulmonary resusci- 
tation for complete heart block. 
gOne broken platinum wire; one ruptured aneurysm. 
5. The reattached intercostals had clotted off or 
become occluded after reattachment in the post- 
operative period. 
In no patients were segmental arteries found 
proximal to the repair; however, the proximal de- 
scending aorta was included in the repair in most 
patients. Clearly, for more distal repairs, proximal 
thoracic radicular arteries would potentially be 
present. 16-18 
Permanent paresis (score = 1) developed in one 
patient (1/14, 7%) after intraoperative cardiopulmo- 
nary resuscitation for 15 minutes, necessitated by 
complete heart block (Table II). The patient was 
known preoperatively to have left and right bundle 
branch block as well as chronic atrial fibrillation. He 
had required hemodialysis for many years after 
undergoing a ruptured infrarenal aneurysm repair 
and renal artery bypass. He successfully underwent 
an ascending and arch repair for DeBakey type I 
aortic dissection a few weeks before the thoracoab- 
dominal aneurysm repair. Two other patients had 
temporary paresis. One was a patient who had 
previously had an ascending arch repair with an 
elephant runk procedure and was undergoing a 
second-stage elephant runk procedure for type II 
thoracoabdominal aneurysm. The patient's hydro- 
gen studies identified the intercostals at T-11 as 
supplying the spinal cord, and postoperative angiog- 
raphy revealed that the intercostal at T-11 had been 
successfully reattached. However, the blood supply 
to the spinal cord involved collateral blood supply to 
the radicular arteries above and below the T-11 
vessel, and this may have been a factor in causing 
transient spinal cord ischemia (score = 3). The 
patient recovered fully (score = 4). One patient in 
whom temporary paresis developed was scheduled 
to have the aorta replaced istally from the subcla- 
vian artery for a type II thoracoabdominal aortic 
dissection. Shortly after the chest was opened, car- 
diac decompensation ccurred and necessitated ur- 
gent cardiopulmonary b pass and circulatory arrest 
to repair the distal aortic arch, which had ruptured. 
Intraoperatively, no vessels were identified as sup- 
plying the spinal cord and, therefore, none were 
reattached. The patient's postoperative l g weak- 
ness was scored as 3, and by the time of discharge 
from the hospital, the patient was walking without a 
problem (score = 4). One patient who required a 
distal arch repair for a type I thoracoabdominal 
aneurysm repair was switched from atriofemoral 
bypass to cardiopulmonary b pass, required circula- 
tory arrest, never awoke, and died shortly afterward. 
His limb function was unknown. 
Thus, of the eight patients in whom no vessels in 
the segment to be repaired were identified as sup- 
plying the spinal cord and in whom, therefore, no 
vessels needed reattachment, two patients had post- 
operative paraparesis--one transient (Table II). In 
the four patients who had vessels localized as sup- 
plying the spinal cord and in whom the vessels were 
reattached, one had postoperative paraparesis. The 
paraparesis was transient and was probably related 
to the blood supply to the spinal cord being via 
collaterals rather than direct. 
Discussion 
The prevention of paralysis after aortic cross- 
clamping remains an elusive goal. Methods of re- 
ducing the degree and duration of spinal cord 
ischemia during aortic crossclamping, including atrio- 
femoral bypass, hypothermia, sequential segmental 
repairs, intrathecal catheters, and pharmacologic 
agents have been reported previously. 1-23 From pre- 
vious studies my colleagues and I s have reported, 
successful reattachment of segmental intercostal or 
lumbar arteries from T-7 to L-1 also is important in 
reducing the risk of paralysis. Other studies have 
used somatosensory evoked potentials or motor 
evoked potentials in attempting to identify segmen- 
tal arteries that supply the spinal cord. 2°'22'23 
16 19 24 We ' ' have previously shown that motor evoked 
responses are very accurate in evaluating spinal cord 
function and ischemia. This study evaluated in hu- 
man beings whether an intraoperative method of 
segmental rtery evaluation would determine which 
segmental rteries upply the spinal cord with blood 
via the radicular arteries. Using this technique, we 
observed that the radicular arteries originated below 
T-7 to and including T-11 in this series of patients. 
This study showed that the use of hydrogen in 
solution and a platinum electrode alongside the 
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spinal cord can identify blood vessels that supply the 
spinal cord, as in our previous study of a porcine 
model.16, 17 Furthermore, there were no false posi- 
tive results. Whether all blood vessels upplying the 
spinal cord in the repaired aortic segment were 
detected and identified in human patients is un- 
known and clearly cannot be determined, because 
only a postmortem anatomic study would determine 
if arteries had been missed. In the porcine model, 
only insignificant, very small (180/xm, 3/28) radicu- 
lar arteries were missed. 17 In this study, segmental 
arteries that were not identified as supplying the 
spinal cord were oversewn, and paresis developed in
two patients in this group. In both these latter 
patients, ischemia per se to the spinal cord during 
aortic crossclamping was the likely cause (one re- 
quired cardiopulmonary resuscitation; the other was 
markedly hypotensive and required cardiopulmo- 
nary bypass upport followed by circulatory arrest). 
Of interest, in one patient in whom multiple large 
intercostal arteries were reattached because of con- 
cern that they supplied the spinal cord, despite the 
hydrogen study showing no response, the postoper- 
ative highly selective angiography also did not show 
that any of the segmental arteries supplied the 
spinal cord, proving the hydrogen study had been 
accurate for that particular case. Nevertheless, there 
are technical reasons why hydrogen testing may fail. 
These include breakage of the electrode (as hap- 
pened in one patient), the electrode not being 
correctly sensitized for hydrogen, the problem of 
baseline shift with the polargraphic method, the 
sensitivity of the cables and ammeters to interfer- 
ence and artifact; intrathecal injections or irrigation 
interfering with recordings, and need for a person to 
diligently monitor the equipment. 16' 17, 19 
The method appears to be accurate in determin- 
ing whether segmental arteries supply the spinal 
cord according to this study and previous porcine 
experiments, provided there are no technical prob- 
lems. The next question is whether the technique 
can shorten the aortic crossclamp time. If the hy- 
drogen study shows no blood vessels supply the 
spinal cord from the occluded segment o be re- 
paired, then all the segmental rteries can be over- 
sewn, shortening the crossclamp time, because a 
patch of segmental arteries does not need to be 
reattached. In this study, in the patients in whom 
segmental rteries could be oversewn, the time cost 
was an average of 4.2 minutes for testing resulting in 
a total clamp time of 41.9 minutes. Thus approxi- 
mately 5 to 15 minutes were saved by not having to 
reattach segmental b ood vessels. However, if hydro- 
gen testing showed that blood vessels in the segment 
to be repaired supplied blood to the spinal cord, 
then an average of 10.4 minutes (maximum 15 
minutes) was required to determine individually 
which blood vessels upplied the spinal cord, for a 
total of crossclamp time of 58.5 minutes. This longer 
crossclamp time reflects not only the longer time for 
additional testing of each potential artery ostium, 
but also the time for reattaching segmental rteries 
that supplied the spinal cord. When hydrogen test- 
ing shows blood vessels in the occluded segment 
supply the spinal cord, an alternative could have 
been not to have done any further testing to save 
approximately 6 minutes of additional testing, but 
reattaching all segmental arteries from T-7 to L-1 
based on our previously reported reattachment of
likely segmental arteries supplying the spinal 
cord.6, s. 16-18 The postoperative angiograms how 
this latter method would have resulted in the correct 
segmental rteries being reattached. Of note, based 
on this series of patients, four of 12 patients (one 
third) required reattachment of segmental arteries 
(one additional patient had arteries below the re- 
paired segment supplying the spinal cord). This 
study confirms our previous recommendations 
based on autopsy studies that segmental arteries 
between T-7 and L-1 should be reattached. Of 
interest, in comparison to our autopsy study of 
young male trauma victims with normal aortas, 18 
patients with aneurysms or  dissection more fre- 
quently have occluded segmental ostia and, there- 
fore, have an indirect collateral spinal cord blood 
supply, either from higher or lower segmental rter- 
ies, or from sources that cannot be identified. These 
sources, however, may be tenuous, as noted on 
arteriography in one patient in whom transient 
paresis developed. 
In conclusion, this research method is safe and 
may shorten the crossclamp time for patients who 
do not require reattachment of segmental arteries. 
For patients who required reattachment of intercos- 
tal arteries, the time cost in identifying these pa- 
tients, and the segmental arteries that supply the 
spinal cord, was an average of 10.4 minutes. This 
latter time could be further shortened by not testing 
individual segmental artery ostia. 
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Discussion 
Dr. Randall B. Griepp (New York, N.Y.). I would like to 
recognize the many contributions that Dr. Svensson has 
made to this field. In many areas we agree and in some we 
do not. In patients who have atheroma nd clot within the 
aneurysm, what measures have you devised to allow you to 
multiply clamp the aneurysms without dislodging any of 
the debris in the vessel umen? 
Dr. Svensson. We have tried to avoid clamping areas 
where there is atheroma nd clot based on the preopera- 
tive studies, particularly computed tomographic scans. 
One of the things that we have done to reduce the risk of 
embolizing the material is that we have restarted the 
atriofemoral bypass and then opened the aorta; in other 
words, flushing the material out proximally. This obviously 
reduces the danger of flushing the material distally. In one 
sense, then, we have avoided the problem by evacuating 
the material. We have not placed any clamps below the 
level of the visceral vessels and then started atriofemoral 
bypass, because obviously then we could potentially em- 
bolize to the visceral vessels. 
Dr. D. Craig Miller (Stanford, Calif.). Let me take that 
one step further: Even in an atherosclerotic aneurysm and 
especially in cases of chronic dissection, there usually is 
extensive clot everywhere. ! am surprised that you actually 
were able to clamp different segmental regions of the 
aneurysms safely. 
Dr. Svensson. That is true. There is quite a lot of clot, 
and that is a potential risk. I think the danger would be 
mostly with the clamp squeezing something down the 
intercostal vessels since we are well above the visceral 
vessels. With the injection of the hydrogen bolus, if there 
should be a loose piece of atheroma, I guess there is a 
possibility of atheroma going down the intercostal artery; 
however, the ostia of the intercostals usually are much 
smaller than the pieces of clot that are in the aorta. 
Dr. Chris Rokkas (Milwaukee, Wis.). I would like to 
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focus on the potential disadvantages of this technique of 
intraoperative localization of spinal cord blood supply. 
From your previous publications it appeared that it is not 
always possible to place those percutaneous platinum 
electrodes. I wonder if you actually attempted to place 
those electrodes in patients unsuccessfully. And how big 
are these electrodes? Can you easily put them through a 
catheter, or do you actually need to cut down to the 
vertebral spinal column? 
Second, I would like to echo Dr. Griepp's concerns 
about sequential clamping of the descending aorta be- 
cause this is not always possible. It can produce emboli- 
zation of atheromatous debris. How many segments of the 
aorta do you actually have to crossclamp sequentially 
before you identify the critical segment? Is that just one, 
two, three additional crossclampings that are required? 
Last, I think the most interesting roup of patients is 
patients with occluded intercostal arteries in the lower 
thoracic segment and the lumbar segment, patients who 
actually derive their blood supply through collaterals. Do 
you think it is important o reimplant he patent upper 
thoracic intercostal arteries for those patients, although 
you do not really see a correlation with the hydrogen/ 
platinum currents? 
Dr. Svensson. We were able to insert the catheters with 
the electrode in every patient without any problems. The 
size is about 1.8 ram. It is a standard spinal silicone 
catheter, and the platinum electrode is built onto the 
catheter on the outside by coiling the platinum wire 
around the catheter tip. In the patients in whom we used 
spinal motor evoked potentials, we have either used the 
platinum electrode or a separate stainless teel electrode 
on the catheter for stimulation of the spinal cord. The 
catheter easily goes down a 14-gauge Tuohy needle, and 
inserting it has not been a problem. 
As far as the clamping, in some patients in whom the 
aneurysms were larger with clot, we did not clamp the 
aneurysm into individual smaller segments. Instead we 
opened the aneurysm and injected hydrogen into individ- 
ual patent intercostal arteries. 
As far as what to do with patients who have occluded 
lower intercostal and lumbar vessels and patent upper 
intercostal vessels, we have not usually reattached those 
upper intercostals. However, clearly in patients in 
whom there are occluded lower vessels, the blood 
supply is via collaterals. I do not think it is necessarily 
from the upper thoracic radicular arteries, although 
those vessels can supply blood flow both upward and 
downward to the anterior spinal artery. I think many of 
those patients have collaterals from the intercostal 
arteries themselves, the internal thoracic, the lateral 
thoracic, the dorsal scapular, and also the posterior 
erectae spinae vessels. There are a lot of other potential 
sources of collateral blood supply to the spinal cord 
when the intercostals are occluded. 
Dr. G. Hossein Almassi (Milwaukee, Wis.). In the single 
patient in whom the postoperative angiogram revealed 
that the attached arteries were occluded, I wonder what 
the outcome was, since presumably the hydrogen study 
showed that those are the critical arteries that supply 
blood to the spinal cord. Would you comment on that? 
Dr. Svensson. At what stage the patch with the inter- 
costals occluded we do not know, and the patient never 
had a deficit. It is of interest o us that in patients in whom 
we do postoperative aortograms, not highly selective 
aortograms, how often one sees that the patch with the 
intercostals has clotted off. This is a technical problem 
that we are going to have to address of how more 
accurately and safely to reattach the intercostals without 
them clotting off with time. This may be a factor causing 
delayed postoperative paraplegia or paraparesis, as our 
porcine animal research as shown. 
